The title compound (I), (E)-2-benzyl-3-(furan-3-yl)-6,7-dimethoxy-4-(2-phenyl-1H-inden-1-ylidene)-1,2,3,4-tetrahydroisoquinoline (C 37 H 31 NO 3 ), was synthesized and structurally characterized by elemental analysis, 1 H NMR and 13 C NMR and single crystal X-ray diffraction. In the compound, the N-containing six-membered ring of the tetrahydroisoquinoline unit adopts a distorted half-chair conformation. In the crystal structure, supramolecular chains mediated by C-H…O contacts along the b-axis are linked into a double layer via C-H…π hydrogen bonds. The resulting double layer stacks along the c-axis without any specific interactions. The molecular geometry was also optimized using density functional theory using (DFT/B3LYP) method with the 6-311G(d,p) basis set and compared with the experimental data. In addition to the optimized geometrical structure, molecular orbital, molecular electrostatic potential (MEP) and chemical reactivity studies of the compound have been investigated by using DFT. The antibacterial activity of the compound for various concentrations were determined against eight test pathogens Bacillus cerus, Escherichia coli, Pseudomonas aeruginosa, Staphylococcus aureus, Acinetobacter baumannii, Staphylococcus epidermidis, Klebsiella pneumoniae and Proteus vulgaris. The results revealed that the compound exhibited good to moderate antibacterial activity.
INTRODUCTION
Compounds containing tetrahydroisoquinoline fragment in their structure display a broad spectrum of biological activities. In particular, derivatives of this type have been recently recognized as being G-protein-coupled receptor 40 (GPR40) antagonists 1 . The tetrahydroisoquinoline derivatives have attracted great attention in recent years due to their neurotoxicity 2, 3 antitumor activities 4, 5 , and antimicrobial activity 6, 7 . The title compound has been synthesized by our co-authors 8 . Here we present the crystal structure of (E)-2-benzyl-3-(furan-3-yl)-6,7-dimethoxy-4-(2-phenyl-1H-inden-1-ylidene)-1,2,3,4-tetrahydroisoquinoline (I), C 37 H 31 NO 3 . Literature survey reveals that so for there is no experimental, theoretical and antibacterial studies for the title compound. In recent years, density functional theory (DFT) has become an increasingly useful tool for theoretical studies. The success of DFT is mainly due to the fact that it describes small molecules more reliably than HartreeFock theory. It is also computationally less demanding than wave function based methods with inclusion of electron correlation 9, 10 . Thus, in order to characterize the correlation between molecular structure and macroscopic properties in the studied compound, it seems to be essential to undertake a detailed comparative study of the isolated molecule and the solid state unit. In this paper, a concerted approach by X-ray crystallography and DFT calculation was used, which takes advantage of both the high interpretative power of the theoretical studies and the precision and reliability of the experimental method. Also, DFT is a powerful mathematical algorithm which is a useful tool to provide sets of quantum chemical descriptors that helps for finding suitable correlations for biological activities of various classes of organic compounds and their derivatives.
In this paper, we report the synthesis, crystal structure and antibacterial activity of (E)-2-benzyl-3-(furan-3-yl)-6,7-dimethoxy-4-(2-phenyl-1H-inden-1-ylidene)-1,2,3,4-tetrahydroisoquinoline (C 37 H 31 NO 3 ), as well as theoretical studies using the DFT(B3LYP) method and 6-311G(d,p) basis set. The aim of the present work was to describe and characterize the molecular structure and some electronic structure properties of the title compound, both experimentally and theoretically. We also make comparisons between experimental and calculated values. Further the title compound has been screened for antibacterial activity against Bacillus cerus, Escherichia coli, Pseudomonas aeruginosa, Staphylococcus aureus, Acinetobacter baumannii, Staphylococcus epidermidis, Klebsiella pneumoniae and Proteus vulgaris at three different concentrations 25, 50 and 75 µg/ml. The results were evaluated by measuring the inhibition zones diameter in millimeters and were compared with the standard antibiotic ciprofloxacin (25µg/ml).
Experimental and Computational Methods 2.1 Synthesis of (I)
Scheme1 : Reaction scheme and chemical diagram of the title compound (I)
The title compound (I) was obtained according to the reaction scheme-I. A solution of (E)-N-benzyl-N-(2-bromo-4,5-dimethoxybenzyl)-1-(furan-3-yl)-3-(2-styrylphenyl)prop-2-yn-1-amine (0.3 mmol) in 1,4-dioxane (4 mL) was added to a mixture of Pd(PPh 3 ) 4 (0.03 mmol, 10 mol-%) and K 2 CO 3 (0.15 mmol) in a clean, dry, two-necked round-bottomed flask under a N 2 atmosphere. The reaction mixture was stirred at 100 °C for 3 h. Then, the reaction mixture was cooled to room temperature and ethyl acetate (15 mL) and water (3 -15 mL) were added. The organic layer was separated, dried with anhydrous Na 2 SO 4 , and concentrated under reduced pressure. The crude material was purified by column chromatography (silica gel, 5-40% petroleum ether/ethyl acetate) to afford the title compound. Single crystals of the title compound (I), suitable for single crystal X-ray diffraction studies have been grown in an ethanolic solution by slow evaporation of the solvent at room temperature and collected (yield (88 %) , m.p. 176 -178 ˚C).
The Nuclear magnetic resonance spectra ( 1 H NMR and 13 C NMR) were recorded in CDCl 3 on Bruker NMR 400 MHz spectrometer and the chemical shifts are reported as δ values in parts per million (ppm) relative to tetramethylsilane, with J values in Hertz. The splitting patterns in 1 H NMR spectra are reported as follows: s = singlet; d = doublet; br s = broad singlet; br d = broad doublet; m = multiplet. 13 C NMR data are reported with the solvent peak (CDCl 3 = 100.0 MHz) as the internal standard. 
X-ray Crystallography
Crystal of the title compound having approximate dimension 0.30×0.26×0.20 mm 3 was mounted on a glass fiber using cyanoacrylate adhesive. All measurement were made on a BrukerAXSKapppa Apex II single crystal X-ray diffractometer using graphite mono-chromated MoKα (λ = 0.71073 Å) radiation and CCD detector. Diffraction data were collected at room temperature by the ω-scan technique. Accurate unit cell parameters and orientation matrix were obtained by a least-squares fit of several high angle reflections in the ranges 2.12 o < θ < 28.16 o for the title compound. The unit cell parameters were determined for 36 frames measured (0.5 o phi-scan) from three different crystallographic zones and using the method of difference vectors. The intensity data were collected with an average four-fold redundancy per reflection and optimum resolution (0.75 Å). The intensity data collection, frames integration, Lorentz-polarization correction and decay correction were done using SAINT-NT (version 7.06a) software. Empirical absorption correction (multi-scan) was performed using SADABS 11 program. The structure was solved by direct methods using SHELXS-97 12 implemented in WinGX 13 program suit. The refinement was carried out by full-matrix leastsquare method on the positional and anisotropic temperature parameters of the non-hydrogen atoms, using SHELXL-97 14 . All the H atoms were positioned geometrically and constrained to ride on their parent atom with C-H = 0.93-0.97 Å and with U iso (H) = 1.5 U eq for methyl H atoms and 1.2U eq (C) for other H atoms. Owing to poor agreement, the reflection [0 0 2], was omitted from the final cycles of refinement. The general-purpose crystallography tool PLATON 15 , ORTEP 16 and MERCURY 17 were used for structure analysis and presentation of the results.
Computational Details
The molecular structure of the compound in ground state (in vacuo) was optimized using density functional theory DFT (B3LYP) 18, 19 method with the 6-311G (d, p) 20 basis sets. All the calculations were performed without specifying any symmetry for the title molecule by using GaussView molecular visualization program 21 and Gaussian 03 program package 22 . The optimized geometrical parameters were calculated using Gaussian 03W package and GaussView 03 program has been used to construct optimized molecular geometry.
Antibacterial test
Antibacterial susceptibility test was carried out using Kirby-bauer disk diffusion method as per CLSI M38-A guidelines 23 . The synthesized compound was dissolved in DMSO at various concentrations (25, 50 and 75 µg/ml) and tested against selected bacterial pathogens. Suspension of bacterial isolates was adjusted to 0.5 McFarland standards in 0.85% saline (suspension will contain approximately 4 x 10 8 CFU/ml) and lawn culture was spread using sterile swabs on Muller Hinton agar media (Hi-media, Mumbai). Wells (6 mm/ dm, 2 cm apart) were bored upon the lawn culture of the agar media using a sterile borer. Test compound (25, 50 and 75µg/ml) were loaded to the wells under aseptic conditions and the plates were incubated at 37°C for 24 hours. Presence of inhibition zones surrounding each well evidenced antimicrobial activity. The antimicrobial activity was evaluated by measuring the inhibition zones diameter in millimeters. Each experiment was repeated three times and the mean of inhibitory zones were recorded.
Tests strains were procured from MTCC, INTECH, Chandigarh, India. 
RESULTS AND DISCUSSION

Description of Crystal structure
The displacement ellipsoid plot and theoretical geometry structure with the atom-numbering scheme for compound (I) is shown in Fig. 1 The hydrogen bond geometry for compound (I) is presented in Table 2 . In the crystal structure, intermolecular C36-H36…O2 contacts lead to the formation of C(10) supramolecular chain along b axis. These chains are linked into a double layer via intermolecular C19-H19…Cg1
ii (symmetry code: (ii) 1-x, 1/2+y, 1/2-z) and C21-H21A…Cg2
iii (symmetry code: (iii) 1-x, -1/2+y, 1/2-z) hydrogen bonds [ Fig. 2 . and Table-2; Cg1 and Cg2 are the centroids of the (C22-C27) and (C28-C33) benzene rings, respectively]. The resulting double layer stacks along the c axis without any specific interactions (Fig. 3) . 
DFT Calculations
The first task of the computational work is to determine the optimized geometry of the title compound. The starting coordinates were obtained from X-ray structure determination. The optimized parameters (bond lengths, bond angles) of the compound (I) were obtained using (DFT/B3LYP) method with the 6-311G(d,p) basis set. The results are listed in Table-3 and compared with the experimental data for the title compound. As seen from the Table-3, the agreement between the theoretically calculated and the experimentally obtained structure parameters for the title compound are very good. In view of the bond lengths in Table 3 , most predicted values are longer than experimental ones. We note that the experimental results are for the solid phase and the theoretical calculations are for the gas phase. In the solid state, the existence of a crystal field along with the intermolecular interactions connect the molecules together, which results in the difference in bond parameters between the calculated and experimental values 26 . 
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Cg1 is the centroid of the C22-C27 ring, Cg2 is the centroid of the C28-C33 ring. Symmetry codes : (i) x,-1+y,z; (ii) 1-x,1/2+y,1/2-z ; (iii) 1-x,-1/2+y,1/2-z . When the X-ray structure of the title compound was compared with its optimized counterpart (see Fig. 1 ), conformational discrepancies were observed. The orientation of the phenyl ring, furan ring attached to the tetrahydroisoquinoline of compound (I) proved the most notable discrepancy, and is defined with torsion angle N1-C21-C22-C27 = 146.7 (2)° and N1-C9-C34-C37 = 59.5 (2)°, which is calculated at 139.2° and 53.2°, respectively, for B3LYP/6-311G(d,p) level.
TABLE 3. Selected structural parameters by X-ray Diffraction and DFT calculations for compound (I).
Parameters
X-ray DFT Bond lengths (Å)
As seen from Table 3 , the difference between the X-ray and calculated values for the bond lengths C8-C9 and C10-O2 are 0.015 Å and 0.008 Å, respectively. Similarly, the difference for bond angles C28-C20-C12, C19-C20-C28 and N1-C21-C22 are 2.81°, 1.99° and 1.14°, respectively. This difference is more due to intermolecular C36-H36…O2 hydrogen bond. According to experimental and calculated values, the dihedral angle between indene ring and phenyl ring attached to the tetrahydroisoquinoline is 58.7 (1)º and 55.6°, respectively.
A global comparison was performed by superimposing the molecular skeletons obtained from X-ray diffraction and the theoretical calculations atom by atom (Fig.4.) , obtaining RMSE's values of 2.684 Å for DFT/B3LYP) method with the 6-311G(d,p) basis set. This magnitude of RMSE can be explained by the fact that the intermolecular columbic interaction with the neighboring molecules are absent in gas phase, whereas the experimental result corresponds to interacting molecules in the crystal lattice. change in the electron distribution or charge transfer. On the basis of frontier molecular orbitals, chemical hardness corresponds to the gap between the Highest Occupied Molecular Orbital (HOMO) and Lowest Unoccupied Molecular Orbital (LUMO). Chemical hardness is approximated using equation η = (E LUMO − E HOMO )/2, where E LUMO and E HOMO are the LUMO and HOMO energies, respectively. The larger the HOMO-LUMO energy gap, the molecule will be harder, more stable and less reactive. Table 4 (row 4) contains the computed chemical hardness value for title compound.
Figure 4:
Atom-by-atom superimposition of the calculated structure (red) on the X-ray structure (blue) for compound
Molecular orbital studies
The most widely used theory by chemists is the molecular orbital (MO) theory. The frontier molecular orbitals play an important role in the electronic and optical properties, as well as in UV-VIS spectra and chemical reactions 27 . The DFT calculated electronic absorption spectra, the maximum absorption wavelength corresponding to the electronic transition is from the highest occupied molecular orbital (HOMO) to the lowest unoccupied molecular orbital (LUMO). The frontier molecular orbital energies of the title compound are shown in Fig 5. The energy gap between HOMO and LUMO is a critical parameter in determining molecular electrical transport properties. 28, 29 The lowest unoccupied molecular orbital (LUMO) energy is -2.0515 eV and the highest occupied molecular orbital (HOMO) energy is -5.3572 eV. The energy gap of HOMO-LUMO explains the ultimate charge transfer interaction within the molecule, and the frontier orbital energy gap of title compound is found to be -3.3057 eV obtained at DFT method using 6-311G(d,p) basis set. Lower the HOMO-LUMO gap explains the eventual charge transfer interactions taking place within the molecule, which influences the biological activity of the molecule.
Chemical reactivity
Chemical reactivity indices like chemical hardness (η), electronegativity (χ), electronic chemical potential (μ), and electrophilicity Index (ω), are calculated using DFT. Chemical hardness is associated with the stability and reactivity of a chemical system. In a molecule, it measures the resistance to The concept of electronegativity put forward by Pauling 30 is defined as ''the power of an atom in a molecule to attract electrons towards itself''. Higher is the electronegativity of the species, greater is its electron accepting power or rather the electrophilicity. Electronegativity is determined using equation χ = -(E HOMO + E LUMO ) /2, Table 4 (row 6) contains the computed electronegativity values for the title compound.
Electronic chemical potential is defined as the negative of electronegativity of a molecule 31 and determined using equation μ = (E HOMO + E LUMO )/2. Physically, μ describes the escaping tendency of electrons from an equilibrium system 32 . The value of μ for the title compound is presented in Table 4 (row 5). Global electrophilicity index (ω), introduced by Parr, is calculated using the electronic chemical potential and chemical hardness as shown in equation ω = μ 2 /2η. Electrophilicity index measures the propensity or capacity of a species to accept electrons 33, 34 . It is a measure of the stabilization in energy after a system accepts additional amount of electronic charge from the environment 35, 36 . The electrophilicity values of the title compound is presented in (Table 4 , row 7).
The HOMO and LUMO orbital energies are related to gas phase ionization energies (I) and electron affinities (A) of the isomers according to the Koopmans' theorem through equations A = − E LUMO , I = − E HOMO . Electron affinity refers to the capability of a ligand to accept precisely one electron from a donor. 
Molecular Electrostatic Potential
The Molecular Electrostatic Potential (MEP) is a plot of electrostatic potential mapped onto the constant electron density surface. The MEP has been used primarily for predicting sites and relative reactivity towards electrophilic attack, in studies of biological recognition and hydrogen bonding interactions 37, 38 . The negative electrostatic potential corresponds to an attraction of the proton by the concentrated electron density in the molecule (and is coloured in shades of red on the EPS surface), the positive electrostatic potential corresponds to repulsion of the proton by atomic nuclei in regions where low electron density exists and the nuclear charge is incompletely shielded (and is coloured in shades of blue). Potential increases in the order red < orange < yellow < green < blue. Figure 6 shows the molecular electrostatic potential (MEP), was determined using B3LYP/6-311G(d, p) method. The different values of the electrostatic potential at the surface are represented by different colours. As can be seen in Fig. 6 , the negative (red) region is localized on the unprotonated atom of O2 with a minimum value of -0.0441a.u. However, positive (blue) region is localized on atom C36 probably due to hydrogen, with a value of 0.042 a.u. Therefore, Fig. 6 confirms the existence of an intermolecular C36-H36A…O2 interaction.
Interpretation of antibacterial activity
Generally, a molecule with small Homo-Lumo energy gap is considered as a chemically reactive. The chemically reactive compounds are highly suitable for biological studies. From the DFT studies, a small Homo-Lumo energy gap (-3.3057 eV) depicts the chemically reactivity of the title compound (I) and hence it is highly suitable for biological studies. Hence, the title compound was tested for in vitro antibacterial activity studies.
Each zone size is interpreted by reference to the The most susceptible pathogens were Bacillus cereus, Pseudomonas aeruginosa (28 mm), Proteus vulgaris (27 mm), Klebsiella pneumoniae (26 mm) and Staphylococcus epidermidis (25 mm) at concentration 75 µg/ml of the compound, exhibiting good antibacterial activity against these pathogens when compared to other pathogens studied, while 50 and 25 µg/ml concentrations of the compound exhibited moderate activity ranging from 18-25 mm in diameter for almost all pathogens as shown in Table 5 . Figure 7 explains a bar diagram for the antibacterial activity. The present study concludes that the compound exhibited good to moderate antibacterial activity against all tested pathogens. 
CONCLUSION
The title compound was synthesized and structurally characterized by elemental analysis, 1 H NMR and 13 C NMR and single crystal X-ray diffraction. In the crystal structure, supramolecular chains mediated by C-H…O contacts along the b-axis are linked into a double layer via C-H…π hydrogen bonds. The resulting double layer stacks along the c axis without any specific interactions. To support the solid state structure, the geometric parameters of the title compound have been calculated using density functional theory DFT (B3LYP) method with the 6-311G (d,p) basis sets, and compared with the experimental findings. It was noted here that the experimental results belong to solid phase and theoretical calculations belong to gaseous phase. In the solid state, the existence of the crystal field along with the intermolecular interactions have connected the molecules together, which result in the differences of bond parameters between the calculated and experimental values. The MEP map confirms the existence of intermolecular C-H…O interactions. The small HOMO-LUMO gap value shows that the molecule is biologically active. The obtained antibacterial activity results indicate that the compound exhibits good to moderate activity against all tested pathogens.
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